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ABSTRACT
The Tasmanides in eastern Australia are the most widely exposed part of the East Gondwana
Palaeozoic active margin assemblage. Diverse sedimentary assemblages are abundant and include:
(1) extensive quartz-rich turbidites and shallow marine to fluvial successions, (2) continental margin
and island arc derived sedimentary successions with abundant volcanic lithic detritus, and (3)
widespread deep-marine to sub-aerial successions formed from reworking of older rocks. Apart from
island arcs such as the Devonian Gamilaroi-Calliope Arc, most of the Tasmanides sedimentary
assemblages formed along or in close proximity to the Gondwana margin. We highlight the interplay
and provenance switching between the development of igneous dominated detritus related to
adjoining magmatic arcs, such as the Macquarie Arc, and interactions with Gondwana derived
sedimentary successions. Palaeocurrents and detrital zircon ages indicate periodic influxes of mainly
quartz-rich sand derived from the East Gondwana margin and adjacent interior with a common
‘Pacific-Gondwana’ detrital zircon age signature (600-500 Ma), especially in the Cambrian, Early to
Middle Ordovician, and Middle Triassic. A major quartzose turbidite deposit formed in an oceanic
setting was accreted to the northern New England accretionary complex in the Late Carboniferous.
This contrasts with the bulk of the Devonian to Carboniferous succession of the southern New
England Orogen which is dominated by volcaniclastic input with minor Gondwana-derived detritus.
Surprisingly, even the base of the intraoceanic Macquarie Arc shows detrital zircon ages indicative of
Gondwana input. The prevalence of Gondwana clastic input into the Tasmanides shows that much of
the orogenic belt developed in an active continental margin setting with limited strike-slip
displacements, and apart from offshore island arcs, lacks exotic terranes.
Keywords: Australia, detrital zircon ages, East Gondwana, provenance, Tasmanides, Delamerian
Orogen, Thomson Orogen, Lachlan Orogen, Mossman Orogen, New England Orogen
1. Introduction
The composition of clastic sediments is a function of rock assemblages in the region from which their
components were sourced, the climatic influence on weathering of the source region and the
sedimentary processes involved during dispersal, transport and accumulation at the sink, including
factors such as source area relief, transport mechanisms, travel time and diagenesis (Boggs, 2009).
In ancient systems, connections between sources and sinks are commonly no longer preserved and
in many situations the sources themselves may have been removed by erosion or hidden by overlying
units. Numerous tools are available to identify potential sources, such as petrographic analysis,
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whole-rock and trace-element geochemistry, whole-rock isotopic methods and geochronology (Weltje
and von Eynatten, 2004; Gehrels, 2014). These are particularly pertinent for the resolution of tectonic
settings of sedimentary successions in orogenic belts where reorganisation of the upper crust is
commonplace such that past plate tectonic arrangements can be difficult to resolve.
Relationships between plate tectonic settings and sandstone compositions were examined following
the development of plate tectonics (Dickinson and Suzcek, 1979). This approach has been widely
applied to orogenic and basinal systems. Its application to the Tasmanide Orogenic Belt
(Tasmanides) of eastern Australia (Figs. 5.1 and 5.2; Korsch, 1978, 1981, 1984; Cowan, 1993;
Veevers et al., 1994; Colquhoun et al., 1999; Fergusson and Tye, 1999; Leitch et al., 2003) has been
to constrain tectonic settings of various orogenic systems, such as those of the Lachlan Orogen, that
have been subject to wide debate (Foster et al., 1999; Glen et al., 2009; Quinn et al., 2014).
Geochemical and isotopic whole-rock methods have been less commonly used in the Tasmanides
(Bhatia and Taylor, 1981; Turner et al., 1993; Gray and Webb, 1995; Haines et al., 2009). Methods
involving detrital zircon ages in provenance analysis, based on U-Pb isotopic systematics, have had
widespread application (Williams, 1998; Williams and Pulford, 2008; Sircombe, 1999; Fergusson et
al., 2001, 2007, 2013; Veevers 2015). Detrital zircon ages determined by the Sensitive High
Resolution Ion MicroProbe (SHRIMP) and by Laser Ablation Inductively Coupled Plasma Mass
Spectrometry (LA-ICP-MS) methods have become increasingly important in understanding the
evolution of the Tasmanides.
The recognition of common 600-500 Ma zircon ages, the so-called ‘Pacific-Gondwana’ signature,
identifies igneous rocks of this age bracket as a major sediment source to the Tasmanides. This
signature is widespread in quartz-rich units such as the Kanmantoo Group of southeastern South
Australia, the Ordovician turbidites of southeastern Australia, and the Triassic Hawkesbury Sandstone
of the Sydney Basin (Ireland et al., 1998; Sircombe, 1999; Fergusson and Fanning, 2002). It has been
extensively passed on, through reworking, to modern beach sands in eastern Australia (Sircombe,
1999; Sircombe and Hazelton, 2004; Boyd et al., 2008; Veevers, 2015). Because zircon grain age
spectra are unaffected by the other influences on sandstone composition, particularly that of climate
with the removal of more labile grains due to weathering, provenance evaluation based on data sets
of this type is particularly robust.
FIGURE 5.1 HERE
This paper presents a review of the provenance of sedimentary rocks in the Tasmanides of eastern
Australia (Fig. 5.2). The Tasmanides, part of the Terra Australis Orogen (Cawood, 2005), are
dominantly of Palaeozoic age. This belt is the most widely exposed part of the Pacific-facing East
Gondwana active margin and developed progressively from about 550 Ma to 220 Ma. Resolving the
tectonic evolution of the Tasmanides, therefore, places significant constraints on the tectonic
development of the East Gondwana active margin. The provenance of sedimentary rocks in the
Lachlan and New England orogens has played an important role in analysis of their tectonic settings;
for example, the quartz-rich nature of the Ordovician turbidites in southeastern Australia has been
presented as an argument against their proposed accretion in subduction complex settings (Aitchison
and Buckman, 2012). In contrast, quartz-rich turbidites of the Carboniferous Shoalwater Formation in
central Queensland have been recognised as accreted to the Late Palaeozoic subduction complex of
the New England Orogen (Fergusson et al., 1990; Leitch et al., 2003; Korsch et al., 2009a).
The Tasmanides are a composite orogenic complex containing five orogens and numerous foreland
and successor sedimentary basins. We concentrate on the most widely studied aspects of
provenance of sedimentary rocks within the Tasmanides and these include: (1) transition from
localised ‘Grenvillian’ sources in Late Neoproterozoic sedimentary and metasedimentary rocks to the
widespread ‘Pacific-Gondwana’ source in the Middle Cambrian of the Thomson and Delamerian
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orogens, (2) provenance of the Ordovician turbidites of the Lachlan Orogen and contrast with the
volcanic-dominated Macquarie Arc succession, (3) foreland sedimentary successions of the SilurianDevonian Melbourne Trough in central Victoria and the related upper part of the Mathinna Supergroup
in northeast Tasmania, (4) Devonian to Carboniferous provenance switching in the subduction
complex of the New England Orogen, (5) local derivation of clastic detritus in the Silurian to Late
Devonian subduction complex of the Mossman Orogen, and (6) mixed sources of clastic detritus in
the Permian-Triassic Sydney Basin.
FIGURE 5.2 HERE
2. Geological Setting and Subdivisions of the Tasmanides
Gondwana came into existence in 550-500 Ma with the collision of West Gondwana, East Gondwana
and India (including the Rayner Belt in East Antarctica) along the East African and Kuunga orogens
(Fig. 5. 1; Boger and Miller, 2004). In the East Gondwana segment, the Pacific-facing margin had
already changed from an older passive margin to an active margin by 580 Ma along the Ross Orogen
in East Antarctica (Goodge et al., 2002, 2004a, b) and somewhat later (~550-515 Ma) in the
Delamerian Orogen in southeastern Australia (Haines and Flöttmann, 1998; Turner et al., 2009; Gibson
et al., 2011). The Tasmanides represent the mainly Palaeozoic development of the active East
Gondwana margin from the former East Gondwana passive margin that is represented by the
Adelaide Rift Complex of the Delamerian Orogen in southeastern South Australia (Preiss, 2000) as
well as the exposed part of the Thomson Orogen of northeastern Australia (Fergusson et al., 2007,
2009).
The Tasmanides are divided into five orogens including the inner Delamerian and Thomson orogens,
the Lachlan Orogen in the south, the New England Orogen in the east and the Mossman Orogen in
far northeastern Australia (Fig. 5.2; Glen, 2005, 2013; Withnall and Henderson, 2012). They are
divided from the Proterozoic cratons to the west along the Tasman Line. Although the usefulness of
this boundary has been questioned for southeastern Australia (Direen and Crawford, 2003), it is
exposed as faulted/sheared contacts along the western boundaries of the Mossman and Thomson
orogens in north Queensland (Fergusson and Henderson, 2013; Henderson et al., 2013). The
Tasman Line continues beneath Mesozoic cover in western Queensland as the Diamantina Structure,
a striking boundary between the Proterozoic Mount Isa Province to the northwest and the Thomson
Orogen to the southeast revealed by gravity and magnetic imaging (Withnall and Hutton, 2013). The
southern part of the Tasmanides includes inferred subsurface Precambrian rocks known as the
Selwyn Block in central Victoria that have been traced southward to western Tasmania (Cayley et al.,
2002) although it is unclear if Late Cambrian turbiditic rocks of the Stawell Zone in the western
Lachlan Orogen continue southwards west of Tasmania (Gibson et al., 2011; Moore et al., 2013).
In central Australia the Tasman Line is under cover, but a connection between the Tasmanides and
the East Gondwana interior most likely existed through central Australia that remained a site of
discontinuous sedimentation from the early Neoproterozoic up until the Carboniferous across the
juncture of all three Australian Proterozoic cratons (Veevers, 2000). The idea that the Proterozoic
North, South and West Australian cratons (Fig. 5.1) amalgamated prior to formation of the Centralian
Basin is widely assumed in the literature (Cawood and Korsch, 2008). Palaeomagnetic data indicates
a 40° anticlockwise intracratonic rotation of the North Australian Craton relative to an amalgam of the
West and South Australian cratons during 650-550 Ma that includes the timing of the Petermann
Orogeny (Li and Evans, 2011; Schmidt, 2014). This rotation implies separation of the North and South
Australian cratons along the Diamantina Structure thereby forming accommodation space for the
Thomson Orogen as a rifted oceanic basin (Fergusson and Henderson, 2015). It is therefore possible
that the Thomson Orogen does not extensively overlie Precambrian basement as argued by
Spampinato et al. (2015).
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The Delamerian Orogen is developed in southeastern South Australia including the Adelaide Rift
Complex, as well as western Victoria and the Koonenberry Belt in northwestern New South Wales
(Fig. 5.2). Much of the western two thirds of Tasmania include Precambrian rocks with many
metamorphic units showing Middle Cambrian Delamerian overprint, known locally as the Tyennan
Orogeny (Berry et al., 2007). In the Adelaide Rift Complex initial rifting began around 827 Ma, as
indicated by intrusion of the Gairdner Dyke Swarm in Proterozoic crust to the west (Wingate et al.,
1998). Several episodes of rifting characterised the history of the Adelaide Rift Complex (Preiss,
2000). Breakup during continental separation has been suggested at around 700 Ma by Preiss
(2000) and at ~580 Ma by Crawford et al. (1997). According to Foden et al. (1999, 2006), the
Delamerian Orogeny began after deposition of the Kanmantoo Group, potentially constrained to
514±4 Ma by the age of the Rathjen Gneiss. . In this interpretation, the Kanmantoo Group was
considered the fill of an extensional basin that cut across the pre-existing basinal geometry (Preiss,
2000; Haines et al., 2009). Alternatively, older Ar/Ar ages on foliation indicate that the Delamerian
Orogeny may have begun much earlier, at around 550 Ma, with the Kanmantoo Group deposited in a
syn-orogenic trough rather than an extensional basin (Turner et al., 2009). An earlier start to the
Delamerian Orogeny and synorogenic deposition of the Kanmantoo Group has been supported by
Gibson et al. (2011, 2015).
In western Tasmania, and western and central Victoria, the Delamerian (Tyennan) Orogeny involved
a collision between an island arc and a passive margin, as indicated by the ages of overthrust
ophiolitic rocks with a boninitic chemistry in Tasmania (Berry and Crawford, 1988; Turner et al., 1998)
and the inferred occurrence of ultramafic rocks in central Victoria (based on prominent magnetic
anomalies generated at depth in the eastern Melbourne Zone; McLean et al., 2010). Alternatively, in
western Victoria development of an east-dipping subduction zone with accretion of an older (590-580
Ma) hyper-extended margin has been argued by Gibson et al. (2011, 2015) for the Glenelg Zone. In
western Victoria, an east-facing Andean-style convergent margin resulted in the Mount Stavely
Volcanics, from around 510 Ma, postdating the earlier island arc collision (Cayley, 2011; Taylor et al.,
2014). Development of a west-facing continental margin arc (515-505 Ma) and following Delamerian
Orogeny at 505-500 Ma has been argued for the Koonenberry Belt in northwestern New South Wales
(Greenfield et al., 2011).
Much of the Thomson Orogen occurs under cover in western and central Queensland but is known
from widespread basement cores collected during petroleum exploration in the overlying basins
(Murray, 1994). It is exposed in the Anakie, Charters Towers and Greenvale provinces east and
southeast of the Georgetown Inlier (Fig. 5.2). Detrital zircon ages from the upper metamorphic rocks
of the exposed part of the Thomson Orogen, and from the basement cores, show that much of the
orogen consists of a quartz-rich metasedimentary succession with maximum depositional ages of 510
to 495 Ma (i.e. Late Cambrian; Brown et al., 2014; Carr et al., 2014; Fergusson and Henderson,
2015). Age constraints for overlying units and plutonic rocks overlap with the timing of major
shortening in the later part of the Delamerian Orogeny (latest Cambrian), and indicate rapid
continental growth (Fergusson and Henderson, 2013, 2015). In the northern part of the Thomson
Orogen, a late Neoproterozoic succession associated with rifting is inferred from detrital zircon in the
lower metamorphic units of the Anakie Province (Fergusson et al., 2009). This rifting is ~100 Ma
younger than rifting in the Georgina Basin and continental breakup in the Adelaide Rift Complex
proposed at around 700 Ma (Preiss, 2000; Greene, 2010; Fergusson and Henderson, 2015). It is
similar to the 580 Ma rifting suggested for the Koonenberry Belt, western Victoria and Tasmania by
Crawford et al. (1997) and Direen and Crawford (2003). In the subsurface, the southwest Thomson
Orogen is continuous with the Cambrian-Ordovician succession of the Warburton Basin in
northeastern South Australia (Fig. 5.2) that lacks effects from the Delamerian Orogeny (PIRSA,
2007). In contrast to the Lachlan Orogen to the south, the Thomson Orogen is largely devoid of
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Silurian sedimentary rocks but is overlain by Devonian backarc basinal successions, such as the
Adavale Basin (McKillop, 2013).
The Lachlan Orogen is over 600 km wide across Victoria and has a complex structural arrangement
that includes the subsurface Selwyn Block in central Victoria and the Macquarie Arc in eastern New
South Wales (Fig. 5.2). The orogen has widespread Early to Middle Ordovician turbidites that in some
areas have an oceanic basement of forearc and backarc mafic volcanic rocks overlain by deepmarine chert (VandenBerg et al., 2000; Crawford et al., 2003). In western Victoria, the Stawell Zone is
dominated by probable Late Cambrian quartz-rich turbidites, whereas the adjoining Bendigo Zone has
a well-established Early to Middle Ordovician turbidite succession with Late Ordovician turbidites in
the southeastern part (VandenBerg et al., 2000). The Melbourne Zone contains a thick Silurian to mid
Devonian succession of turbidites and shallow marine rocks that overlie Ordovician turbidites and the
Selwyn Block, which is the northern continuation of rock assemblages in western Tasmania (Cayley
et al., 2002). East of the Melbourne Zone several zones are recognised in the Lachlan Orogen with
abundant Ordovician turbidites developed both west, east and within the Ordovician – Early Silurian
Macquarie Arc. The Macquarie Arc consists of calc-alkaline and shoshonitic mafic and intermediate
igneous rocks and associated volcaniclastic successions. Its geochemistry is consistent with an island
arc setting (Crawford et al., 2007), although an alternative backarc setting has been proposed by
Quinn et al. (2014). The palaeogeographic relationships between the island arc rocks and the
Ordovician quartz-rich turbidites have been a matter of debate, with suggestions ranging from major
terrane translation (Glen et al., 2009), overthrusting of the island arc over a “passive margin”
(Aitchison and Buckman, 2012), and arc rotations and subduction reversal (Fergusson, 2009).
Widespread shortening and medium pressure metamorphism occurred in the Late Ordovician to Early
Silurian Benambran Orogeny (Offler et al., 1998) that was associated with the development of three
major structural zones: the Bendigo Zone, Wagga-Omeo and Tabberabbera zones and the BegaMallacoota Zone. These zones have been interpreted as subduction complexes (Foster and Gray,
2000; Fergusson, 2014). In the mid Silurian to mid Devonian the Lachlan Orogen in New South Wales
and eastern Victoria was dominated by a wide zone of extensional basinal development involving
abundant magmatic activity in an arc to backarc setting (Collins, 2002; VandenBerg, 2003;
Fergusson, 2010). Intermittent shortening and high temperature/low pressure metamorphism
occurred during this interval, particularly in the mid Devonian Tabberabberan Orogeny, and was
followed in the Late Devonian to Early Carboniferous by widespread shallow marine to fluvial
deposition with development of a major quartzose sand sheet and less common igneous activity in a
backarc setting (Powell, 1984; Glen, 2005). A terminal mid Carboniferous (Kanimblan) contraction
affected the Lachlan Orogen with effects dying out westwards in the Broken Hill region in far western
New South Wales. In the east, contraction was post-dated by intrusions of Carboniferous granitic
rocks related to the west-dipping subduction zone preserved in the New England Orogen (Powell,
1984; Glen, 2005).
Tasmania has been considered enigmatic in terms of its relationships to the rest of the Tasmanides
(Cayley, 2011; Gibson et al., 2011; Moore et al., 2013, 2015). West of the Tamar Fracture Zone (Fig.
5.2), Precambrian metasedimentary and very low-grade sedimentary successions are abundant and
have been strongly affected by the Tyennan Orogeny, which is the local equivalent of the Delamerian
Orogeny (Berry and Bull, 2012). Magnetic data indicate that these rocks continue northwards and
form the Selwyn Block that is basement to the Melbourne Zone (Cayley et al., 2002). It has been
argued that western Tasmania has been displaced northwards along the East Gondwana margin
(Cayley, 2011). It must have arrived somewhere near its present location no later than during the
Benambran Orogeny (Cayley, 2011; Gibson et al., 2011). In contrast, northeastern Tasmania has a
distinctive Ordovician-Devonian stratigraphy and Devonian granites both with an inherited zircon age
pattern that is indicative of an association with the eastern Lachlan Orogen (Reed, 2001; Black et al.,
2004, 2010).
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In northeastern Australia, the Tasmanides are at their narrowest width (140 km, Fig. 5.2) and a single
orogen, the Mossman Orogen is represented (Withnall and Henderson, 2012). To the south, the
Mossman Orogen abuts the Thomson Orogen, but further north it is faulted against Mesoproterozoic
rocks of the North Australian Craton exposed in the Yamba Inlier (Fig. 5.2). The Mossman Orogen
contains two main assemblages, an older unit that, in the south, is a Late Ordovician island arc that
has been thrust westwards over the Early Palaeozoic margin in the Benambran Orogeny (Henderson
et al., 2011). This was followed by the development of an east-facing, Silurian to Devonian active
margin (Henderson et al., 2013). The eroded roots of a magmatic arc of comparable age occur west
of the Tasman Line in Mesoproterozoic inliers. A dismembered forearc basin is mainly preserved in
the southwestern part of the orogen. To the east, a broad tract of subduction complex rocks is
characterised by widespread imbrication of trench-wedge turbidite units and abundant stratal
disruption.
The New England Orogen is the eastern-most component of the Tasmanides (Fig. 5.2); it is
dominated by middle to late Palaeozoic rocks but also includes limited early Palaeozoic rocks
(Murray, 1997; Donchak et al. 2013). Cambrian and Ordovician rocks of very limited extent occur
mainly in the south and show evidence of similar styles of forearc and island arc settings to those of
the Cambrian of the Lachlan Orogen (Glen, 2013). A Late Silurian – Devonian island arc and backarc
assemblage (Gamilaroi-Calliope island arc) is widely developed and was accreted to the East
Gondwana margin in the Late Devonian (Aitchison and Flood, 1995; Offler and Murray, 2011). This
was followed by formation of a Late Devonian to Carboniferous continental convergent margin with
magmatic arc, forearc basin and subduction complex that dominates much of the geology of the
orogen (Murray et al., 1987). In the Early Permian, a major episode of extension affected the New
England Orogen and adjoining regions causing rifting and development of the Sydney-GunnedahBowen Basin followed by establishment of an Andean convergent margin in the Late Permian to Late
Triassic (Hunter-Bowen Orogeny) with a foreland basin to the west and a magmatic arc in the New
England Orogen (Veevers et al., 1994; Korsch et al., 2009b, c; Cawood et al., 2011).
3. Provenance
A prominent aspect of the provenance of many sedimentary successions in the Tasmanides is the
abundance of quartz-rich, siliciclastic sedimentary rocks of various ages that are characterised by the
‘Pacific-Gondwana’ detrital zircon age signature (600-500 Ma). These rocks contrast with other
sedimentary successions that reflect more local provenance including some assemblages of island
arc affinity as developed in the Ordovician – Early Silurian Macquarie Arc of the eastern Lachlan
Orogen, the Late Silurian – Devonian Gamilaroi-Calliope island arc of the New England Orogen and
other units related to continental provenance of adjacent regions. We highlight these provenance
characteristics of the Tasmanides by reference to the examples below.
3.1 Influx of Pacific-Gondwana sediment
The Tasmanides are associated with substantial deposition of siliciclastic sediments derived and/or
recycled from Gondwana as indicated by the predominance of quartz in many sandstones consistent
with a continental source. Neoproterozoic development of the East Gondwana margin is best
documented for the deformed successions making up the Delamerian Orogen in southeastern South
Australia where formation of the Adelaide Rift Complex was accompanied by numerous rifting
episodes and the influx of mainly quartz-rich to arkosic siliciclastic detritus from the East Gondwana
craton to the west (Preiss, 2000). Sources in the neighbouring Gawler Craton are indicated by
samples with detrital zircon ages common at 1900-1550 Ma, such as in the Niggly Gap beds near the
base of the rift succession and the Mount Terrible Formation at the base of the Cambrian Normanville
Group, which also has a dominant peak at 1830 Ma (Fig. 5.3a,b; Gehrels et al., 1996; Ireland et al.,
1998; Preiss, 2000). Other samples from the succession, such as the Mitcham Quartzite, Marino

7

Arkose, Bonney Sandstone (Fig. 5.3c) and Heatherdale Shale (Ireland et al., 1998), show mixed
sources with zircon ages consistent with derivation from the Gawler Craton and prominent Grevillian
1200-900 Ma sources, consistent with derivation from the distant Musgrave and Albany-Fraser
provinces. Ar/Ar ages of detrital muscovite from these samples are usually overlapping with, and
younger than, the zircon ages, reflecting cooling and/or alteration in the source terranes, as shown by
younger ages from the margins of detrital muscovites determined by UV laser profiling (Haines et al.,
2004). Nd-Sm isotopic data indicate a different and older source for the Cambrian sedimentary
successions compared to the Neoproterozoic Adelaide Rift Complex units (Turner et al., 1993), and
this change in provenance is supported by the detrital zircon and muscovite ages.
FIGURE 5.3 HERE
Incoming of the Pacific Gondwana zircons in the Delamerian Orogen is shown by the 650-550 Ma UPb zircon ages found in the Kanmantoo Group (Fig. 5.3d), a predominantly quartz-rich turbidite
succession deposited in the southern part of the Delamerian Orogen with equivalents in the Arrowie
Basin in the north (Ireland et al., 1998; Preiss, 2000). Palaeocurrent data from the turbiditic facies of
the Kanmantoo Group indicate derivation from the south implying a new source, as is indicated by the
detrital zircon ages (Flöttmann et al., 1998; Haines et al., 2009). The new source is also evident from
Ar/Ar ages of muscovite, although these are mainly 600-550 Ma and in the older part of the main
zircon peak (Haines et al., 2004). Timing of the provenance switch is well constrained by the age of
tuff in the underlying Normanville Group at 526±4 Ma (Cooper et al., 1992). An upper limit to the age
of the Kanmantoo Group is given from a U-Pb zircon age of the intrusive Rathjen Gneiss at 514±4 Ma
(Foden et al., 1999), indicating an interval of 525-510 Ma for rapid filling of the Kanmantoo basin
(Haines and Flöttmann, 1998).
The provenance switch to Pacific Gondwana zircon ages in the Delamerian Orogen in South Australia
is also reflected in the Koonenberry Belt of northwestern New South Wales, Delamerian Orogen of
western Victoria, the Thomson Orogen of central and southern Queensland, and partly in Tasmania.
In the Koonenberry Belt, a rifted margin is preserved in the Late Neoproterozoic Grey Range Group
with alkaline mafic rocks containing rare silicic volcanic intervals that have a U-Pb zircon age of 586±3
Ma (Greenfield et al., 2011). This package has distinctive detrital U-Pb zircon and rutile ages
indicating a “Grenville” source (Johnson et al., 2012) as evident in parts of the Adelaide Rift Complex
(Ireland et al., 1998). It is most likely derived from the Musgrave Province or an eastward extension of
it. The Musgrave Province formed a prominent source for sedimentary successions in the western
Centralian Basin, including Uluru (Ayers Rock) (Camacho et al., 2002), and in the eastern Amadeus
Basin, Harts Range Group and Georgina Basin during the Petermann Orogeny (Maidment et al.,
2007, 2013).
In northeastern Australia, metasedimentary rocks (Bathampton Metamorphics, Cape River
Metamorphics, lower Argentine Metamorphics) containing almost unimodal zircon age distributions
indicating a Grevillian source are found in the Anakie and Charters Towers provinces of the exposed
Thomson Orogen (Fig. 5.3e; Fergusson et al., 2001, 2007). Similar age distributions have also been
identified in two basement cores of sedimentary rocks (GSQ Machattie 1, HPP Goleburra 1, Brown et
al., 2014) in the Machattie Beds, which are located southeast of the Diamantina Structure in the
northwestern Thomson Orogen (Carr et al., 2014; Withnall and Hutton, 2013). These
metasedimentary and sedimentary rocks are relatively immature and contain quartz, feldspar and
lithic fragments. The Machattie Beds and the samples from the Anakie Province have maximum
depositional ages in the latest Neoproterozoic to Early Cambrian and their deposition has been
related to uplift of the Musgrave Province in the Cambrian Petermann Orogeny (Brown et al., 2014)
similar to those of the Amadeus Basin (Camacho et al., 2002). The general immaturity and
widespread distribution of these sedimentary and metasedimentary rocks has also been interpreted
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as evidence for the eastwards continuation of the Musgrave Province into northeastern Australia
(Fergusson et al., 2007; Fergusson and Henderson, 2015).
Basement cores collected during petroleum exploration in central and southern Queensland provided
samples of quartz turbidites (Thomson Beds) of the Thomson Orogen that are typically of low
metamorphic grade, steeply dipping and were considered a northern continuation of the Ordovician
turbidites of the Lachlan Orogen (Murray, 1986, 1994). These rocks are dominantly quartzose, and on
a QFL plot, straddle the continental block and recycled orogen fields and partly overlap with the
Ordovician turbidites of the Lachlan Orogen (Fig. 5.4). Numerous samples, which have been
processed for detrital zircon ages, are characterised by the Pacific-Gondwana provenance with a
maximum depositional age of 495 Ma (Brown et al., 2014; Carr et al., 2014; Kositcin et al., 2015) and
marginally younger than quartz-rich metasandstones that have the same detrital age signature in the
Anakie and Charters Towers provinces (Fergusson et al., 2001, 2007; Fergusson and Henderson,
2015). Radiometric ages from associated rocks indicate that the main phase of
shortening/metamorphism and crustal development in the Thomson Orogen of Queensland was in the
interval 510 to 480 Ma overlapping the timing of the Delamerian Orogeny in southeastern Australia
(Fergusson and Henderson, 2015). These results were unexpected and indicate that the PacificGondwana sediment influx had a much greater volume and distribution than previously recognised,
and have greatly contributed to continental growth of the Tasmanides.
FIGURE 5.4 HERE
In western Victoria, the Glenelg and Grampians-Stavely zones (Fig. 5.5) contain Early Cambrian
quartzose siliciclastic rocks (Moralana Supergroup), equivalent to the Kanmantoo Group, and the
Middle Cambrian Glenthompson Sandstone (VandenBerg et al., 2000; Morand et al., 2003). These
rocks are quartzose with plagioclase, K-feldspar, muscovite, with lithic fragments including silicic and
mafic volcanic rock fragments, granite, low-grade schist and chert (Stuart-Smith and Black, 1999;
VandenBerg et al., 2000; Morand et al., 2003). In the Grampians-Stavely Zone, the Glenthompson
Sandstone overlies the calc-alkaline, intermediate to silicic Mount Stavely Volcanics (Morand et al.,
2003). Detrital zircon ages from these siliciclastic rocks have the typical Pacific-Gondwana age
pattern with abundant 600-500 Ma ages and less common ages around 1100 Ma as found in the
Kanmantoo Group and elsewhere (Morand et al., 2003; Squire et al., 2006a; Gibson et al., 2011). In
the Koonenberry Belt, detrital zircon ages from samples before and after the Delamerian Orogeny,
which is locally constrained to 505-498 Ma, have the Pacific-Gondwana signature with several
samples having a notable age peak at 580 Ma (Greenfield et al., 2010, 2011; Johnson et al., 2012).
FIGURE 5.5 HERE
Tasmania is the southern-most part of the Tasmanides and its connection to the rest of the orogenic
system has always been enigmatic (Cayley, 2011). Western Tasmania has abundant
metasedimentary successions dominated by schist and quartzite with the psammitic rocks showing
common detrital zircon ages of 1800-1700 Ma (Berry et al., 2001; Black et al., 2004) and widespread
Delamerian (Tyennan) metamorphic ages (Berry et al., 2007). The 1800-1700 Ma detrital ages have
been interpeted to reflect a North American provenance (Berry et al., 2001). One sample is dominated
by Grenville-age zircons (Wings Sandstone) and several other samples show some Grenville-age
zircons in addition to more common zircons with ages of 1900-1400 Ma (Turner at al., 1998; Black et
al., 2004). Overall the abundance of distinctive detrital zircon ages in the metasedimentary basement
of western Tasmania supports the inference that it must have been derived from further south along
the East Gondwana margin (Cayley, 2011; Gibson et al., 2011; Moore et al., 2015). Palaeomagnetic
data indicate that Tasmania must have been located somewhere near its present position relative to
Gondwana in the Late Cambrian to Early Ordovician (Li et al., 1997). This is consistent with the timing
of Tyennan metamorphism across the island although some later displacement is required to account

9

for the emplacement of the Selwyn Block in the Melbourne Zone, that prior to the Late Ordovician –
Early Silurian Benambran Orogeny, must have lain hundreds of kilometres east of the Stawell and
Bendigo zones in western Victoria (Gray et al., 2006; Cayley, 2011). The provenance of the
Ordovician-Devonian Mathinna Supergroup in northeastern Tasmania is completely unrelated to that
of western Tasmania and is similar to the Lachlan Orogen (see below).
3.2 Ordovician turbidites and Macquarie Arc in the Lachlan Orogen
Relationships between the widespread Ordovician turbidite succession and the Ordovician to Early
Silurian Macquarie Arc have been considered problematic resulting in numerous tectonic models for
the Lachlan Orogen (Quinn et al., 2014). Provenance of these two contrasting successions has been
a critical issue as both successions span similar time intervals yet apparently show no evidence of
facies interdigitation along numerous contacts between them. In the literature, the same contacts
between these two successions have been considered as both stratigraphic and faulted by different
authors (Fergusson and Colquhoun, 1996; Meffre et al., 2007; Quinn et al., 2014). This has led to
suggestions that the Macquarie Arc is somehow structurally emplaced amongst the Ordovician
turbidites by either overthrusting and/or strike-slip faulting, despite the development of an excellent
geophysical database showing the presence of many significant faults but unable to verify the
existence of the proposed terrane bounding structures. For example, Quinn et al. (2014) have
presented models involving no major fault dislocation between the Macquarie Arc succession and the
Ordovician turbidites, whereas these authors had earlier argued for major terrane displacements
between these units in the early Palaeozoic history of the Lachlan Orogen (Glen et al., 2009).
In the Stawell Zone of western Victoria (Fig. 5.5), the quartz-rich turbidite succession is mainly Late
Cambrian, as inferred from scarce fossils (acritarchs), geochronological data and the lack of
graptolites (Squire et al., 2006a, b). In the Bendigo Zone (Fig. 5.5), the age of the succession
(Castlemaine Group), Early to Middle Ordovician, is well established from abundant thin beds of
graptolitic black shale interbedded with the turbidite succession (VandenBerg et al., 2000). In the
southeastern Bendigo Zone, the Sunbury Group consists of quartz-rich turbidites interbedded with
graptolitic shales that indicate continuous deposition through the Late Ordovician, which is in contrast
to the remainder of the Bendigo Zone (VandenBerg et al., 2000). The Melbourne Zone lacks a
widespread Ordovician turbidite succession, except in the southwest in the Mornington Peninsula
where the basal part of the Ordovician turbidite succession is similar in thickness to the equivalent
succession in the Bendigo Zone but is overlain by a condensed interval (24 m thick) of chert and
graptolitic black shale assigned by VandenBerg et al. (2000) as Bendigonian 4 to Castlemainian 1 in
age (481-473 Ma, using timescale in Percival et al., 2011). This is interpreted as a result of the
turbidites being deposited on the margins of a palaeo-topographic high formed by the Selwyn Block,
whereas in the eastern Melbourne Zone Middle to Late Ordovician black shale reflects sediment
starvation over the high (Cayley et al., 2002).
The Ordovician turbidite succession north and east of the Melbourne Zone (Adaminaby, Wagga and
Girilambone groups) is a remarkably homogenous. Its stratigraphy is now known in several regions
due to interbedded thin chert intervals that contain conodonts, and based on these age data, the
succession has been subdivided into a number of packages (VandenBerg and Stewart, 1992;
Percival et al., 2011; Percival, 2012). Thin-bedded chert intervals occur in three widespread units of
Chewtonian, mid Darriwilian and late Darriwilian age (Percival et al., 2011). The upper part of the
succession is an interval of black shale (400-500 m thick) of Late Ordovician age (Bendoc Group and
equivalents); sandstone is almost completely absent from this unit, indicating starvation of turbidite
sediment on the submarine fan (VandenBerg et al., 2000). The cherts have a continental margin
geochemical signature shown by high Al2O3/Fe2O3 ratios, LREE enrichment and low total REEs
(Bruce and Percival, 2014), consistent with their setting interbedded with the terrigenous-derived
turbidites.
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The Late Cambrian and Ordovician turbidite successions of the Lachlan Orogen are uniformly quartzrich as shown on the QFL plot (Fig. 5.4) with minor plagioclase, muscovite and lithic fragments
including low-grade metamorphic fragments, fine sedimentary and volcanic rock fragments
(Colquhoun et al., 1999; Fergusson and Tye, 1999). The Ordovician turbidites are well known for their
Pacific-Gondwana detrital zircon signature with abundant ages at 600-500 Ma usually with a
subordinate peak around 1200-1000 Ma as shown by published data (Fig. 5. 6a; Ireland et al., 1998;
Fergusson and Fanning, 2002; Fergusson et al., 2005, 2013; Squire et al., 2006a; Glen et al., 2013),
and a large unpublished database collected by Ian Williams (Williams, 1998, 2001; Williams and
Pulford, 2008). Detrital zircon ages with similar patterns to these are given for Bendigonian and
Darriwilian sandstone samples from mainly west of the Macquarie Arc in figures without
accompanying data tables by Glen et al. (2011) and Glen (2013). Detrital muscovite ages are mainly
of Delamerian age indicating that the Delamerian and Ross orogens were a significant source (Turner
et al., 1993).
FIGURE 5.6 HERE
Palaeocurrents based on flutes, scour marks and Bouma C cross-laminations have been measured
for some intervals of the Ordovician turbidites especially in the eastern part of the orogen where the
rocks are usually better exposed (Powell, 1984). These measurements indicate sediment derivation
from the west in Victoria and Tasmania with a swing in trends to northeasterly and northerly sediment
flow in eastern New South Wales (Fig. 5.5). However, interpreting these palaeocurrent trends is not
straightforward as major rotations of some regions may have occurred due to late mega-kinking
(Powell et al., 1985). Moreover, oroclinal folding has been proposed (Cayley, 2012; Musgrave, 2015),
thus implying a 90° anticlockwise rotation of the palaeocurrent data in the southern Tabberabbera
Zone. A simplistic interpretation is that these directions reflect westerly derivation in the more western
part of the superfan with a swing to the north in the northeastern part, as the superfan was deflected
around the Macquarie Arc.
The Macquarie Arc succession is dominated by mafic to intermediate volcanic rocks, associated
volcaniclastic rocks (including breccias, conglomerates, sandstones and mudstones) and numerous
mafic/intermediate and rarer silicic intrusions (Percival and Glen, 2007; Crawford et al., 2007). Parts
of the succession contain shallow-marine limestone, whereas bedded chert and black shale occur in
deep-marine settings (Percival and Glen, 2007). The succession is divided into several belts that are
separated by younger rocks and widespread exposure of the Ordovician quartz-rich turbidites
between the western and central belts of the Macquarie Arc in central New South Wales (Fig. 5. 7).
Two main intervals of activity are inferred with an Early Ordovician phase, separated by a hiatus of 9
Ma from a late Middle Ordovician to Early Silurian interval that has been subdivided into three phases
by Percival and Glen (2007). Most of the exposed parts of the Macquarie Arc consist of rocks formed
in the latter longer interval. The source of sedimentary rocks in the succession is dominated by mafic
to intermediate volcanic detritus typical of interlayered and neighbouring volcanic successions. In
general quartz is mostly absent in the volcaniclastic rocks, but has been found in several thin horizons
derived from hydrothermal deposits and uncommon silicic igneous rocks (Packham et al., 2003). The
geochemical and isotopic characteristics of the volcanic rocks indicate an intraoceanic arc setting
(Crawford et al., 2007). Unexpectedly, it has been found in the Early Ordovician (Phase 1) part of the
succession that volcaniclastic rocks contain a detrital zircon signature typical of the Ordovician quartz
turbidites with prominent Pacific-Gondwana and Grenville peaks showing a provenance linkage with
Gondwana (Fig. 5. 6b; Glen et al., 2011). Detrital zircons from volcaniclastic sedimentary rocks
associated with the second magmatic interval have ages that are the same as the associated
volcanics. Inherited zircons from the volcanic rocks no older (in general) than 500 Ma have positive
εHf, indicative of primitive sources rather than being derived from Gondwana (Glen et al., 2011). One
plausible explanation is that over time the Macquarie Arc was progressively removed from the vicinity
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of Gondwana by sea floor spreading in the Wagga Marginal Sea, which separated the arc from the
East Gondwana margin (Crawford et al., 2007; Glen et al., 2011; Quinn et al., 2014; see Discussion).
A similar conclusion has been made by Bruce and Percival (2014) based on geochemical data from
bedded cherts interbedded with the Ordovician turbidites. Additionally, the arc itself has undergone
rifting, especially in the late Middle Ordovician, when MORB volcanism and chert deposition
(associated with the Jindalee Group) took place (Fig. 5. 7; Lyons and Percival, 2002; Quinn et al.,
2014).
FIGURE 5.7 HERE
3.3 Silurian-Devonian foreland successions in the western and southern Lachlan Orogen
The Melbourne Zone in central Victoria and the Mathinna Supergroup in northeast Tasmania consist
of Ordovician to Devonian sedimentary successions that, in the Silurian-Devonian, formed in a
foreland setting to the eastern part of the Lachlan Orogen (Powell et al., 1993, 2003). The Darling
Basin to the north in central New South Wales was also in a similar tectonic setting (Powell, 1984;
Neef, 2012). Sandstones in the Melbourne Zone and Mathinna Supergroup resemble those of the
Ordovician turbidites of the Lachlan Orogen and are dominantly quartzose, but on a QFL plot (Fig.
5.8) are slightly less feldspathic and have a greater range in lithic fragment content including common
volcanic rock fragments (Powell et al., 1993, 2003). The sandstones from the Darling Basin, including
the Bancannia Trough, are also compositionally similar to those of the Melbourne Zone (Neef and
Bottrill, 1991, 2001; Neef et al., 1995). In all three basins, palaeocurrent directions, based on flutes,
scour marks and cross-lamination in turbidites and cross-bedding in shallow marine to fluvial units,
are complicated but show common derivation from the west, with bimodal palaeocurrents aligned
along the north to northwest-trending basin axes (Powell et al., 1993, 2003; Neef, 2012). For strata of
Emsian age in the Melbourne Zone, palaeocurrents and sediment provenance show a significant
change, with the Norton Gully Sandstone having an eastern source with an increased volcaniclastic
component derived from the eastern Lachlan Orogen (Powell et al., 2003). Similar changes occurred
in the Givetian in the eastern Darling Basin where an influx of hornfelsed metasedimentary clasts in
conglomerates and pebbly sandstones was derived from the east (Powell, 1984).
FIGURE 5.8 HERE
Detrital zircon ages have been determined for three sandstone samples from the Melbourne Trough
with the stratigraphically lowest sample from the Wenlockian Kilmore Siltstone (Fig. 5.9a), and two
samples from the Late Silurian to Early Devonian succession (Fig. 5.9b,c) (Squire et al., 2006a). From
the Mathinna Supergroup two sandstone samples have had detrital zircon ages determined (Fig.
5.9d); one from the Ordovician Stony Head Sandstone and another from the upper part of the unit
(Black et al., 2004). All samples show a prominent Pacific-Gondwana signature but in detail there are
minor variations (Fig. 5.9). The sample from the “Glen Creek Sandstone” (Squire et al., 2006a) has
abundant zircons with ages 510-480 Ma, indicating a source from Delamerian igneous activity, as in
western Victoria and western Tasmania, and lacks Grenville-age zircons. The sample, which
according to Squire et al. (2006a) was taken from the Norton Gully Sandstone, is in fact located
within the Humevale Siltstone (according to the coordinates provided by the authors; see
supplementary data). This sample has common ages of 2000-1500 Ma, consistent with a local source
in adjacent western Tasmania. We suggest that rather than reflecting transport from a distal source
(Squire et al., 2006a), the Pacific-Gondwana zircons in these samples have most likely come from
reworking of Ordovician and older metasedimentary sources deformed and uplifted in the Delamerian
and Benambran orogenies, such as in the Stawell and Bendigo zones (Cayley et al., 2011). None of
these five samples has any significant peak younger than 450 Ma, thus indicating that concurrent
silicic igneous activity was not a source.
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FIGURE 5.9 HERE
Data available for Tasmania shows that detrital zircon ages in the sedimentary successions are
matched by the ages of inherited zircons in Palaeozoic granites that intrude these successions. Thus
in western Tasmania, granites with ages 374-351 Ma have abundant inherited zircons of 1800-1700
Ma ages, as is common in supracrustal Precambrian quartzites in western Tasmania (Black et al.,
2010). In northeast Tasmania, granites with ages 400-373 Ma display approximately the same age
pattern of inherited zircons as in the Mathinna Supergroup implying that these rocks occur at deeper
levels in the crust and were involved in melting and contamination to form the granites (Black et al.,
2010).
3.4 Provenance of New England Orogen sandstones and conglomerates and provenance
switching in subduction complex sandstones of the northern New England Orogen
The southern New England Orogen consists of a western foreland fold-thrust belt with forearc basin
and arc flank deposits mainly of Devonian to Carboniferous age with overlying Early Permian
sedimentary and volcanic rocks formed during rifting (Veevers et al., 1994; Murray, 1997). In the Late
Silurian to mid Late Devonian, the setting was an intraoceanic arc/backarc, which collided with the
active continental margin of the Lachlan Orogen at around 375 Ma (Offler and Murray, 2011). After
the collision a new west-dipping subduction zone formed and in the late Late Devonian to
Carboniferous the setting was a continental arc and forearc (Murray et al., 1987; Offler and Murray,
2011). Sandstone compositions are well documented in the forearc basin represented by the
Tamworth Belt (Fig. 5.5). They are lithic to feldspathic with minor and even extremely rare quartz
clasts (Korsch, 1984). From the Devonian to the Late Carboniferous the composition of sandstones
changes from dominantly mafic to andesitic detritus lower in the succession to an increasingly dacitic
to rhyolitic composition of lithic fragments in the upper part of the succession (Korsch, 1984). These
changes are accompanied by detrital pyroxene lower in the succession being replaced by detrital
hornblende higher in the succession (Korsch, 1984). Conglomerates of Cambrian age at the base of
the succession, as well as Devonian conglomerates, have abundant intermediate volcanic clasts and
less common plutonic clasts with a calc-alkaline geochemistry indicative of a magmatic arc with
minimal continental crust (Leitch and Willis, 1982; Leitch and Cawood, 1987; Morris, 1988).
Sandstones in the subduction complex in the southern New England Orogen have been studied not
only to determine provenance, but also to provide constraints on the ages of these rocks which are
poorly known due to their deep-marine depositional setting and lack of macrofossils (Korsch, 1984).
They are a highly deformed assemblage with abundant turbidites, tuffaceous rocks, and less common
chert and mafic volcanic rocks that represent typical oceanic plate and overlying trench-wedge
turbidite successions (Cawood, 1982; Fergusson, 1985; Offler et al., 1988; Aitchison et al., 1992).
Ages are poorly constrained in general apart from some limited radiolarian ages for cherts (Aitchison,
1988; Aitchison et al., 1992). Volcaniclastic and feldspathic compositions of subduction complex
sandstones reflect derivation from the volcanic arc to the west, and show a similar variation in
provenance to sandstones in the forearc basin succession (Korsch, 1978, 1981, 1984). Detrital zircon
ages and hornblende ages have been determined by Korsch et al. (2009a) for two samples from the
Coramba beds in the subduction complex in the Coffs Harbour Block; zircons and amphiboles give
consistent ages of 323 to 318 Ma. Given the abundance of primary volcanic-derived detritus in these
rocks, the ages are considered to reflect the age of deposition. The zircons were selectively dated on
the basis of their euhedral shapes to provide an estimate of the age of the host sandstone, which is
consistent with an earlier determination by a Rb-Sr isochron at 318±8 Ma, indicating a metamorphic
age that provides a minimum constraint on the depositional age based on samples from the southern
Coffs Harbour Block (Graham and Korsch, 1985). Thus although these data indicate the importance
of the magmatic arc in the source of these sedimentary rocks, consistent with their volcaniclastic
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nature, they did not include randomly determined ages of rounded zircons and thus were not
designed to determine their provenance spectrum (Korsch et al., 2009a).
In the northern New England Orogen, the sedimentary petrography of sandstones is less well
established but broadly known from lithological descriptions of mapped rock units, as summarised by
Donchak et al. (2013) and data provided by Leitch et al. (2003) for sandstones of the subduction
complex (Fig. 5.10). Some detrital zircon age spectra are also available (Korsch et al., 2009a). A
dissected Carboniferous magmatic arc is exposed in the west (Connors-Auburn Province) with the
forearc basin in the centre (Yarrol Province) and the subduction complex in the east (Curtis Island
Group and equivalents to the south) (Fig. 5.10). As in the southern New England Orogen, the
magmatic history of the arc is well documented from the Yarrol Province forearc, which has a lower
succession of Late Silurian to Devonian age dominated by mafic to intermediate volcanic and
volcaniclastic rocks with geochemical characteristics of an island arc setting (Offler and Murray,
2011). The Late Devonian to Early Carboniferous succession of the Yarrol Province shows a
transition from the underlying island arc to a source from an Andean continental margin arc exposed
to the west in the Connors-Auburn Province (Donchak et al., 2013). In contrast to the Tamworth Belt,
however, Late Carboniferous units in the Yarrol Province are much less widespread and are largely
restricted to the Rockhampton region of central Queensland.
FIGURE 5.10 HERE
The subduction complex sandstones in the northern New England Orogen show a remarkable
provenance switch from the volcaniclastic detritus in the Wandilla Formation and equivalents to
quartz-rich sandstones in the Shoalwater Formation (Fig. 5.11; Leitch et al., 2003). In contrast,
sandstones in most of the southern New England Orogen are volcanolithic and/or feldspathic and
have only minor amounts of quartz (Korsch, 1984). The subduction complex rocks lack macrofossils,
and as for the southern New England Orogen, their age has been inferred by provenance linkage to
the Yarrol Province to the west. The Early Carboniferous forearc basin is characterised by oolitic
limestones interbedded with the dominantly clastic succession, and oolites are found widely dispersed
amongst associated volcanically derived sandstones. The Wandilla Formation has been mapped for a
distance of nearly 400 km along strike and is notable for oolite bearing lithic sandstones that have
been correlated with Early Carboniferous strata of the Yarrol Province. Similar lithic sandstones have
been mapped further southwards into the southern New England Orogen where they occur on the
limbs of the Texas and Coffs Harbour oroclines (Murray et al., 1987; Murray 1997; Rosenbaum,
2012). The zircon ages from the Wandilla Formation indicate that the unit is of Early to Late
Carboniferous age and of longer duration than previously thought (Murray et al., 1987; Korsch et al.,
2009a). This implies uplift in the Late Carboniferous in the forearc basin with reworking of Early
Carboniferous oolitic-bearing sands and their redeposition into the Late Carboniferous trench.
FIGURE 5.11 HERE
Volcaniclastic sandstones of the Wandilla Formation are a poorly sorted mix of volcanic lithic
fragments of mafic to silicic composition, plagioclase, quartz and less common mineral fragments
including micas and augite and various other types of lithic fragments such as plutonic, metamorphic
and sedimentary rocks (Leitch et al., 2003). The Shoalwater Formation to the east, by contrast with
the Wandilla Formation, largely lacks chert and mafic volcanic units and is dominated by turbidites.
Unlike the Wandilla Formation, sandstones of the Shoalwater Formation are dominated by quartz but
other clast types are similar albeit with greatly reduced abundance (Leitch et al., 2003). Some lithic
sandstones in the Wandilla Formation, east of Rockhampton along the coast, are more quartzose
than normally seen in this unit and appear transitional to the higher quartz contents of the Shoalwater
Formation, although a complete transition was not achieved (Fig. 5.11). Detrital zircon ages for
sandstones from the subduction complex assemblage were provided by Korsch et al. (2009a; Fig.
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5.12). Their study involved six samples from five localities of volcanic-lithic sandstones from the
Wandilla Formation, five samples from three localities of quartzose lithology from the Shoalwater
Formation, and four samples of quartzose and volcanolithic lithologies from separate localities in the
Neranleigh-Fernvale beds of southeastern Queenland. The youngest zircons in these samples varied
from concentrations at ~407 Ma to 327-322 Ma consistent with Devonian to mid Carboniferous ages
with the younger ages similar to those of the more outboard lithic sandstones. The quartz-rich
sandstone samples with abundant Carboniferous zircons indicate partial derivation from the magmatic
arc of this age. All the Shoalwater Formation samples have abundant older zircons with common
ages in the pre-Carboniferous with peaks at 400 Ma and 650-500 Ma, in addition to common
Precambrian zircons with common ages at 1300-1000 Ma and 1850 Ma (Fig. 5.12b). These ages are
consistent with sources that would have been widely exposed in the Late Palaeozoic in central to
north Queensland, including rocks of the Palaeoproterozoic – early Mesoproterozoic inliers and those
of the Thomson Orogen (Korsch et al., 2009a).
FIGURE 5.12 HERE
Early Permian extensional basins developed along the New England Orogen in an interval of tectonic
readjustment between the Carboniferous Andean active margin and the site of a new Andean
magmatic arc shown by Late Permian to Early Triassic plutonic and volcanic rocks across the former
forearc basin and subduction complex (Veevers et al., 1994; Korsch et al., 2009b). Detrital zircon
ages have been established from sandstone samples in the Nambucca Block, one of these
extensional basins overlying the former subduction complex in the southern New England Orogen
(Adams et al., 2013a; Shannan et al., 2015). These detrital zircon studies have shown that for the
Nambucca Block, zircons are mainly Devonian to Carboniferous but include some Early Permian
ages and older components such as the Pacific-Gondwana and Grenville ages. The age spectra are
consistent with derivation from eastern Australia, in particular its Late Devonian to Carboniferous
magmatic arc. Additionally, detrital zircon ages have been determined from samples from the Permian
to Triassic succession of the Gympie Province in the northeastern part of the New England Orogen (Li
et al., 2015). This province has been considered as either having developed upon an attenuated
eastern part of the subduction complex (Holcombe et al., 1997) or to have formed part of an exotic
terrane accreted to the eastern part of the orogen (Aitchison and Buckman, 2012). For the Gympie
Province, zircon ages are dominantly Carboniferous and Permian and reflecting sources within the
New England Orogen to the west, ruling out an exotic origin for this assemblage (Li et al., 2015).
3.5 Local derivation in the northern Tasmanides (Mossman Orogen)
Much of the Mossman Orogen is dominated by the disrupted Silurian-Devonian Hodgkinson
Formation and similar rocks within the Broken River Province nearer its southern margin. The
assemblage consists mainly of turbidites with minor chert and mafic volcanic rocks. Melange, complex
folding and multiple foliation development are widespread in the assemblage and the common
consistency of younging directions to the west, in combination with steeply dipping units, indicates
either exceptional thicknesses, or more likely, imbrication of the deep-marine succession (Henderson
et al., 2013). It has been interpreted as the fill of a backarc basin (Donchak in Glen, 2005), but the
widespread disruption indicates accretion in an east-facing subduction complex thought to be
synchronous with the development of a coeval magmatic arc for which the eroded roots are exposed
as plutonic rocks west of the Tasman Line (Pama Igneous Association, Fig. 5.13; Henderson et al.,
2013).
FIGURE 5.13 HERE
Sandstones within the Hodgkinson Formation are typically of quartz intermediate composition with
abundant quartz, altered plagioclase, less common K-feldspar and minor lithic fragments (Domagala,

15

1997). Lithic fragments consist of felsic and mafic volcanic rock fragments, sedimentary fragments
and metamorphic rock fragments. From a combination of petrography, geochemical analyses of
greywackes on provenance plots and limited U-Pb zircon ages from igneous clasts and detrital
zircons, Domagala (1997, p. 233) considered that the main source of the Hodgkinson Formation was
the craton to the west with a significant contemporaneous igneous input (in some sandstones). A
compilation of detrital zircon ages from six samples, dated by U-Pb LA-ICP-MS techniques (Adams et
al., 2013b), confirms the importance of the western cratonic source for half of the samples, which
have many ages in the range1750-1500 Ma (Fig. 5.14a). These ages are consistent with the range of
igneous and metamorphic ages found in the adjacent Georgetown, Coen and Yamba inliers (Fig. 5.2).
Three other samples are dominated by zircons with ages in the range 490-400 Ma (Fig. 5.14b),
consistent with derivation from igneous rocks of the Early Ordovician Macrossan Igneous Association,
the Late Ordovician accreted island arc, Late Ordovician felsic igneous rocks, and the felsic igneous
rocks of the older part of the Pama Igneous Association. Overall the assemblage is clearly derived
from a variety of sources, which all developed within the cratonic region to the west but not dominated
by basement derivation as considered from the petrographic and geochemical data. The sample with
the youngest detrital zircon has a cluster of five grains at 360±7 Ma, which is an age within the error of
that of cross-cutting granite in the east (U-Pb zircon age of 357±6 Ma; Zucchetto et al., 1999). This
suggests a short gap between sedimentation, deformation and plutonism (Adams et al., 2013b).
FIGURE 5.14 HERE
An age spectrum for detrital zircon is known from a sample of sandstone from the Carriers Well
Formation, a unit with diverse sedimentary and volcanic units that is part of an island arc assemblage
located on the southwestern margin of the Mossman Orogen and accreted in the Early Silurian
(Henderson et al., 2011). Its youngest cluster at 454 Ma is consistent with the age of fossils from this
unit and represents arc-derived detritus. However, ages between 3400 and 700 Ma reflect a
contribution also from continental sources.
3.6 Orogenic and cratonic sources in the Permian-Triassic Sydney Basin
The Permian-Triassic Sydney Basin has a complex history with rifting in the Early Permian followed
by thermal subsidence. It then formed part of a foreland basin setting during deformation and igneous
activity in the Late Permian – Late Triassic Hunter-Bowen Orogeny that took place in the adjoining
New England Orogen (Veevers et al., 1994). A cratonic source of quartz-rich sediment was derived
from the southwest and dominates sandstones along the western margin of the basin, with incursions
across the basin, such as the Hawkesbury Sandstone (Fig. 15) near the top of the succession. Lithic
sandstones and chert-bearing conglomerates were derived from the northeast, and consist of volcanic
and other lithic detritus sourced from the New England Orogen. At the boundary between the
Narrabeen Group and the overlying Hawkesbury Sandstone, mixing of the two provenances has
occurred with changes from lithic sandstones to overlying quartz-rich sandstones (Cowan, 1993). This
provenance mixing was facilitated by the fluvial environments and consistent with the swing in
palaeocurrents of both wedges of sediment as they turn from across the basin into the main trunk
distributary system that flows along the basin (Conaghan et al., 1982; Veevers et al., 1994; Veevers,
2015).
FIGURE 5.15 HERE
Detrital zircon ages determined for several samples in the Sydney Basin by Sircombe (1999) show
that the provenance pattern is complex and reflects both distal and more proximal cratonic sources.
Two samples from the Hawkesbury Sandstone lack zircons of Lachlan Orogen age and are
dominated by those of Pacific-Gondwana age (Fig. 5.16c). This implies rejuvenation of the source that
supplied the Ordovician turbidites of the Lachlan Orogen, and the older successions of the
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Kanmantoo Group and Thomson Orogen in Queensland. In contrast, one sample from the Tallong
Conglomerate, at the base of the western margin of the Sydney Basin, shows dominant Lachlan
Orogen age zircons (Fig. 5.16a), consistent with a local source, whereas the Terrigal Formation
sample, from beneath the Hawkesbury Sandstone near the eastern margin of the Sydney Basin,
shows zircon ages typical of the adjacent New England Orogen (Fig. 5.16b). This pattern contrasts
with Permian and Triassic sedimentary rocks of the subsurface Ovens Graben in northern Victoria
and southern New South Wales (Fig. 5.2), and coeval with the Sydney Basin succession. Samples
analysed from these rocks have detrital zircon age patterns indicative of local Lachlan Orogen
sources on either side of the rift (Fig. 5.16d; Sircombe and Hazelton, 2004).
FIGURE 5.16 HERE
4. Discussion
4.1 Sources of sedimentary rocks in the Tasmanides
The most puzzling and controversial issue about the source of sediment in the Tasmanides is where
did the Pacific-Gondwana zircons come from? The combination of prominent zircon ages in 700-500
Ma, but mainly skewed to 600-500 Ma, in addition to zircons in 1300-900 Ma, has been considered to
be sourced from the East African Orogen, also known as the Transgondwanan Supermountains
(Squire et al., 2006a; Williams and Pulford, 2008; Veevers, 2015). It has been found that with younger
depositional ages from Cambrian to Ordovician samples, the proportion of 600-500 Ma zircons
increase and the proportion of 1300-900 Ma zircons decrease, as does the content of pre-1500 Ma
zircons indicating the greater prominence of the younger source over time (Adams et al., 2013c). The
700-500 Ma zircons have been widely reported in detrital zircon samples from many parts of
Gondwana including north Africa, Arabia, South America, and northern India and also in periGondwanan terranes in Spain and Germany (Cawood et al., 2007; Rino et al., 2008; Díez Fernández
et al., 2010; Voice et al., 2011; Meinhold et al., 2013; Rösel et al., 2014). An exceptional distance of
sediment transport is implied along the northern margin of India in the Cambrian to Ordovician
because a relatively consistent detrital age signature is found in these rocks along the whole 2,000
km length of the Himalayan Orogen (Myrow et al., 2010). The ultimate source of these zircons is
inferred to lie within the central East African Orogen (Myrow et al., 2010). The East African Orogen
formed by collision of West and East Gondwana and extends from Arabia and adjoining northeastern
Africa to southeastern Africa and East Antarctica (Fig. 5.1; Torsvik and Cocks, 2013). For units in the
Tasmanides, it is implied that sediment containing the Pacific-Gondwana and less prominent Grenville
zircon ages has travelled across and/or alongside the East Antarctic craton from the East African
Orogen towards eastern Australia, a distance of at least 4,000 km (Fig. 5.17a). Subsequent transport
into the undeformed basinal settings of the Tasmanides, suggests that an additional 1500 to 2500 km
were travelled by these zircons.
Alternatively, a closer but still distant source from the East Antarctic craton has been proposed
(Veevers, 2000) for the sedimentary rocks containing the Pacific-Gondwana zircon signature in the
Tasmanides (Crohn-Mawson cratons, Fig. 5.17b). This reduces the distance of transport to less than
half of that required for a distal source in the East African Orogen. Most of East Antarctica is covered
by a thick ice sheet so that its geology cannot be directly mapped. Numerous studies have been
undertaken on sedimentary successions, clasts from moraines and marine sediments bordering East
Antarctica that are considered to reflect sources within the covered East Antarctic geology (Veevers
and Saeed, 2008, 2011; Veevers et al., 2008; Goodge and Fanning, 2010; Elliot et al., 2015). These
studies indicate that Grenville and Pacific-Gondwana age components are present. Potential sources
are in the Gamburtsev Subglacial Mountains and the Ross Orogen that has abundant detritus
containing detrital zircons of these ages (Goodge et al., 2004a, b; Gibson et al., 2011; Adams et al.,
2013c; Elliot et al., 2015). In contrast with earlier publications, Veevers (2015) has recently favoured
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an East African Orogen source for the Hawkesbury Sandstone and older units in eastern Australia,
with 700-500 Ma and Grenville-age zircons, indicating very long distance transport as argued by
Squire et al. (2006a) and Williams and Pulford (2008). Veevers (2015) also suggested that the
Gamburtsev Subglacial Mountains represented either an additional primary source or a secondary
source containing recycled zircons derived from the East African Orogen. Our interpretation is that the
Pacific-Gondwana zircons (mainly 600-500 Ma) and the smaller Grenville peak in Cambrian,
Ordovician and Triassic rocks in the Tasmanides reflect derivation from sources in East Antarctica
adjacent to and within the interior opposite the Australian margin, rather than derived from the more
distant East African Orogen. This is consistent with the interpretation of Adams et al. (2013c) for
Cambrian-Ordovician successions in Zealandia and the Ross Orogen and equivalents in the Swanson
Formation in West Antarctica. A similar provenance has been suggested based on detrital zircon ages
in Devonian and Permian strata in the Beardmore Glacial region of the central Transantarctic
Mountains (Elliot et al., 2015).
FIGURE 5.17 HERE
A source in East Antarctica for Cambrian, Ordovician, and even Triassic siliciclastic units in the
Tasmanides contrasts with other quartzose siliciclastic units such as the Carboniferous Shoalwater
Formation (New England Orogen) and the Silurian-Devonian Hodgkinson Formation (Mossman
Orogen), which contains zircon age signatures indicative of local sources rather than reflecting
sediment transport over thousands of kilometres. We consider that much of the quartzose siliciclastic
units, such as the Thomson Beds of the Thomson Orogen, the Kanmantoo Group of the Delamerian
Orogen and the Ordovician turbidites of the Lachlan Orogen, were derived from a Pacific-Gondwana
source developed within, and/or inboard of, the Ross Orogen in East Antarctica (Fig. 5.17). This is
consistent with the abundance of plutonic and low-grade metamorphic debris in addition to the
zircons. A distal source is not possible for a sample from the latest Cambrian Bilpa Conglomerate in
the Koonenberry Belt in northwestern New South Wales. This sample is from a primary postDelamerian unit deposited in deltaic environments; the unit contains coarse detritus, including clasts
over 1 m across and clasts of phyllite, mafic/felsic volcanics, limestone, schist, vein quartz, and
granite (Pahl and Sikorska, 2004; Greenfield et al., 2010, p. 139). The unit has rare clasts of
mudstone containing Early Cambrian trilobites consistent with derivation from nearby underlying units
eroded during the Delamerian Orogeny (Percival et al., 2011, p. 435). Ages of detrital zircons have
been determined from the matrix of the conglomerate and show dominant ages in 600-500 Ma and a
smaller peak in 1300-1050 Ma (Greenfield et al., 2010, p. 346). Local derivation of the unit is clear,
and the detrital zircons reflect recycling from pre-Delamerian units in the Koonenberry Belt that
contain the Pacific-Gondwana zircons, as well as from Neoproterozoic units that are dominated by
Grenville zircons (Johnson et al., 2012). Recycling of these zircons associated with the erosion of the
Delamerian topography is indicated by this conglomerate and has potentially contributed to
maintaining the influx of siliciclastic sand in the Ordovician turbidites of the Lachlan Orogen. The
abundance of black shale in the Late Ordovician throughout the eastern Lachlan Orogen indicates
that the volume of clastic input had significantly receded in this interval (Jones et al., 1993; Fergusson
and Tye, 1999). We consider that recycling of uplifted Cambrian units, such as the Kanmantoo Group
and its widespread equivalents, such as in the Glenelg Zone and Koonenberry Belt, has resulted in
the 600-500 Ma and 1300-900 Ma zircon age peaks in samples from the Melbourne Trough and
Mathinna Group in northeast Tasmania. The Hawkesbury Sandstone presumably reflects reactivation
of these sources in the Ross-Delamerian orogens and hinterland in East Antarctica, rather than
reflecting distal transport from the East African Orogen. The full extent of this far-travelled clastic
wedge in the Sydney-Bowen Basin is not documented. It is presently based on detrital zircon age
spectra for two samples from the Sydney Basin (Fig. 5.15) and it is not known how much of this
signature applies to cratonic derived units in the western Sydney Basin and its equivalents further
north. Data are available for just one sample from the Tallong Conglomerate at the base of the
succession and indicate local derivation from the underlying Lachlan Orogen (Sircombe, 1999).
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Even a sample of volcanic lithic sandstone from the Early Ordovician succession at the base of the
Macquarie Arc, shows the typical Pacific-Gondwana pattern with most zircon ages of 625-490 Ma and
less common ages of 1250-970 Ma (Glen et al., 2011). This sample is enigmatic but sparse zircon
ages from two samples of Early Ordovician siltstones confirm the Gondwana provenance signal (Glen
et al., 2011). The absence of cratonic detritus other than zircons in these samples, and the
predominant mafic volcanic source consistent with abundant volcanic units and shallow intrusions in
the Macquarie Arc succession, highlight the problem. As discussed by Glen et al. (2011), it is unclear
how these zircons came to be mixed in with volcaniclastic sediment. Undoubtedly they are inherited
and must have been separated from the siliciclastic sediments that normally contain them in an
intraoceanic arc setting. We consider that the Pacific-Gondwana and older zircons were eroded from
Early Ordovician igneous rocks, so that the zircons are ultimately derived from either cratonic-derived
metasedimentary rocks within the lower crust of the island arc, or subducted Gondwana-derived
siliciclastic sediments as suggested by Glen et al. (2011). Similar complexities have been found in
modern island arcs. For example, in east Java, detrital zircons from Early Cenozoic igneous,
volcaniclastic and sedimentary rocks, indicate a Gondwana fragment with Archean-Cambrian zircon
ages in the lower crust (Smyth et al., 2007). Also, inherited zircons, with significant age populations in
2800-220 Ma indicative of Australian sources have been found in Eocene-Miocene igneous rocks of
the New Hebrides island arc in the Southwest Pacific Ocean (Buys et al., 2014).
4.2 Tectonic setting and provenance switching
The Palaeozoic, and in particular the early Palaeozoic tectonic history of the Tasmanides has been a
subject of considerable discussion in the literature. Provenance characteristics of clastic successions
have been an important constraint in determining past tectonic configurations. For the Late Permian
to Early Triassic tectonics of eastern Australia by contrast, most authors agree that a major magmatic
arc developed in the New England Orogen with the upper part of the Sydney-Bowen Basin
succession formed in a foreland basin setting. A clastic wedge derived from the New England Orogen
occurs mainly in the eastern part of the basin and is interlayered with cratonic quartzose sandstones
derived from the west and southwest. The pattern of provenance switching from lithic detritus derived
from the orogen to the incoming quartzose sheet of the Hawkesbury Sandstone is well illustrated by
the detailed study of Cowan (1993), and reflects fluvial mixing of diverse sands at the junction
between the incoming clastic sheets. It is also consistent with changing palaeocurrents as the ancient
streams swing from a high-angle to the basin into longitudinal flow along the basin axis (Conaghan et
al., 1982).
Provenance switching has also occurred in the subduction complex of the northern New England
Orogen where the volcaniclastic sandstones of the Wandilla Formation change to the quartz-rich
sandstones of the Shoalwater Formation across a sharp, probably faulted, contact. Both units formed
in deep-marine settings. The Wandilla and Shoalwater formations were originally interpreted by
Fergusson et al. (1990) as having being accreted in the subduction complex with the change in
composition reflecting a difference in age, with the Wandilla Formation being Early Carboniferous and
the Shoalwater Formation Late Carboniferous. The detrital zircon ages provide maximum depositional
ages for both units (Korsch et al., 2009a), which show that they stratigraphically overlap each other
(Fig. 5.10). Our revised interpretation of the cause of this provenance switch is that the Wandilla
Formation formed in the trench derived from the magmatic arc, whereas the Shoalwater Formation
represented a turbidite fan that locally flooded the trench and extended well beyond it into an open
oceanic setting. The detritus for the fan may well have been derived from a major distributary system,
such as the Late Devonian to Carboniferous Drummond Basin draining the Gondwana interior of the
Queensland region behind and including the magmatic arc. A modern example of this type of
arrangement is the Miocene siliciclastic turbidites derived from the Chinese mainland and deposited in
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the backarc Shikoku Basin that is being subducted with formation of the Nankai Trough accretionary
prism (Clift et al., 2013; Pickering et al., 2013).
The most significance provenance switch in the Tasmanides occurred in the Early Cambrian where
palaeocurrents indicate southwards derivation of the Pacific-Gondwana clastic wedge (Flöttmann et
al., 1998). This clastic wedge involved a huge sediment volume that required sediment transport of
100s to 1000s of kilometres from its source in the Ross Orogen and its hinterland in East Antarctica
along the length of the Tasmanides to include the Kanmantoo Group and equivalents of the
Delamerian Orogen as well as the Thomson Orogen. Initiation of this provenance switch coincides
with the latter part of the Ross Orogeny and the Delamerian Orogeny (Goodge et al., 2004a, b;
Cayley, 2011; Gibson et al., 2011, 2015) and presumably reflects increased erosion resulting from a
change in circumstances along the East Gondwana active margin. These that may have included,
singly or in combination: increased plate motions, major climatic variations and increased uplift rates.
The sediment supply continued from the Middle Cambrian into the Ordovician and reappeared as a
source in the Triassic. Presumably, the Pacific-Gondwana zircon signature was largely maintained as
a sediment characteristic by reworking of the earlier phase of deposition preserved in the Delamerian
and Ross orogens, as shown by the sample of the Bilpa Conglomerate matrix (see above).
One of the most controversial issues in the tectonic development of the Tasmanides has been the
tectonic setting of the Ordovician – Early Silurian Macquarie Arc and its linkage to the Ordovician
turbidites. For example, Aitchison and Buckman (2012) inferred major overthrusting of the Macquarie
Arc over the Ordovician turbidites, whereas Quinn et al. (2014) argued for stratigraphic contacts
between them. This difference in interpretations has arisen from the strong contrast between the
predominantly mafic to intermediate volcanic units, and their sedimentary derivatives, which
characterises the Macquarie Arc and the craton-derived, quartz-rich turbidite succession. The quartz
turbidite succession has interbedded chert intervals and a thick black shale unit in the Late Ordovician
that lack evidence for any contemporaneous igneous activity. Geophysical and other evidence for the
Macquarie Arc forming part of a huge allochthon analogous to the Semail Ophiolite in Oman has not
been forthcoming. Therefore, we favour the apparent lack of interdigitation of facies between the
Ordovician turbidites and the Macquarie Arc as a result of palaeogeography at the time of deposition.
The Macquarie Arc succession formed in proximal shallow marine to potentially subaerial
environments, with volcanic centres erupting volumes of lava and pyroclastic rocks that fed into
surrounding sediment aprons including in widespread deep-marine environments (Simpson et al.,
2007). In contrast, the Ordovician turbidites were derived from a distant source in the Ross Orogen,
and potentially the interior of the East Antarctic craton, with a potential closer source in the
Delamerian mountains from reworking of the uplifted Kanmantoo Group and equivalents. These
sediments were deposited in the Wagga Marginal Sea between the East Gondwana margin and the
Macquarie Arc. They are also found east of and partially enclosing the Macquarie Arc (Fergusson,
2009). The Ordovician turbidites that were deposited on the distal flanks of the Macquarie Arc would
already have crossed a wide marginal sea at least 1000 km in width (Gray et al., 2006), and in the
distal part of the basin would have been constrained to topographical lows in the sea bed. It is
unlikely, and certainly is not observed, that they were interlayered with volcanic-derived clastic
wedges flanking the Macquarie Arc in a similar way that the Hawkesbury Sandstone is interleaved
with lithic detritus of the underlying Narrabeen Group and overlying Wianamatta Group in the Sydney
Basin (Conaghan et al., 1982). In the second phase of igneous activity associated with the Macquarie
Arc, there was a broadening of the arc edifice resulting in mafic to intermediate clastic wedges
extending eastwards and stratigraphically overlying Ordovician turbidites in the northeastern Lachlan
Orogen (Fergusson and Colquhoun, 1996) and also in southeastern New South Wales (Quinn et al.,
2014). Thus both elements must have formed adjacent to each other, and the lack
interdigitation/sediment mixing reflects restriction of the Ordovician turbidites to deeper settings away
from the Macquarie Arc. Unlike subaerial and shallow marine environments, it is difficult to imagine

20

how in deep-ocean environments sediment mixing of the distally derived quartz-rich turbidites could
have occurred with the volcanic-derived wedges on the flanks of the Macquarie Arc. In contrast, the
Early Silurian Kabadah Formation, which is located between the western and central belts of the
Macquarie Arc, shows sediment mixing between the Macquarie Arc, Girilambone Group (deformed
Ordovician turbidites), Early Silurian volcanic rocks and ultramafic sources (Barron et al., 2007). In
this case, the diverse provenance of this unit reflects uplift during the Benambran Orogeny that
enabled subaerial to shallow marine transport and mixing of detritus with deposition in a shallowing
basin.
4.3 Exotic terranes in the Tasmanides
An issue in orogenic belts is the recognition of exotic terranes, such as the Cache Creek Terrane in
the Cordillera of western North America (Johnston and Borel, 2007). Within the Tasmanides, the most
likely assemblages that could be classed as exotic terranes are the intraoceanic island arc
assemblages including the Ordovician – Early Silurian Macquarie Arc in the Lachlan Orogen, the
Lucky Springs assemblage of the Mossman Orogen, the Late Silurian – Devonian Gamilaroi-Calliope
Arc and the Permian-Triassic Gympie Province in the New England Orogen. Cambrian island arc
assemblages in the Lachlan Orogen and eastern Delamerian Orogen also would have been exotic to
the Tasmanides along with the Precambrian basement units of western Tasmania. On the basis of the
available zircon age data, we consider that most of the island arc assemblages have formed in the
palaeo-Pacific Ocean in close proximity to the Gondwana margin. The Cambrian island arcs of the
Lachlan Orogen have been covered by the widespread Ordovician turbidites indicating that they were
relatively close to the Gondwanan margin in the Late Cambrian to Early Ordovician, with ophiolite
emplacement indicated in Tasmania (Berry and Crawford, 1988; Bruce and Percival, 2014). Similarly,
Precambrian rocks of western Tasmania must have been in close proximity to their present location
before the end of the Ordovician, and palaeomagnetic data indicates close proximity to their present
location by the Early Ordovician (Li et al., 1997). The Gympie Province shows characteristics of an
intraoceanic island arc in the Permian, but the ages of detrital zircons indicate a connection with the
Carboniferous to Early Permian magmatic arc of the New England Orogen (Li et al., 2015). Just how
the intraoceanic affinity of mafic volcanic rocks in the Gympie Province relates to a setting in the
eastern New England Orogen remains unresolved. The Late Silurian – Devonian Gamilaroi-Calliope
island arc and backarc assemblage has been characterised by geochemistry of volcanic rocks, but so
far, any provenance linkage with Gondwana has yet to be tested on the basis of detrital zircon ages.
The Tasmanides have mostly formed as an assemblage developed relatively proximal to their present
setting along the Palaeozoic East Gondwana active margin, apart from intraoceanic arcs developed
outboard of the margin (Glen, 2013). Additionally, Precambrian units of western Tasmania prior to the
Late Cambrian have most likely been transported from a distant location further southwards along the
East Gondwana margin (Berry et al., 2008; Cayley, 2011; Gibson et al., 2011; Moore et al., 2015).
5. Conclusions
Sedimentary successions in the Tasmanides show provenance characteristics indicative of numerous
sources, the most significant of which has been the major Pacific-Gondwana clastic input containing
zircons with many ages of 600-500 Ma and fewer of 1300-1000 Ma. These ages are typical of a
Gondwana source and are widely represented in most parts of the supercontinent and some other
continental fragments (Rino et al., 2008; Voice et al., 2011). This sedimentary signature was first
introduced in the Kanmantoo Group and its equivalents in the Delamerian Orogen, but has been
widely recognised in Late Cambrian siliciclastic rocks of the Thomson Orogen. It indicates
sedimentary transport of at least 500 to 2000 km from sources such as the Ross-Delamerian orogens
and the hinterland of the Ross Orogen in East Antarctica, presently covered by the East Antarctic ice
sheet. It is particularly well illustrated by the Ordovician turbidites of the Lachlan Orogen. Reworking
of these early Palaeozoic successions is thought responsible for this distinctive zircon signature
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occurring in foreland basin deposits in the Silurian to Devonian of the western Lachlan Orogen, such
as the Melbourne Trough, and even more recently being widely distributed in modern beach sands
along the coast of eastern Australia (Sircombe, 1999; Veevers, 2015). These provenances contrast
with locally derived Ordovician – Early Silurian Macquarie Arc and the Late Silurian – Devonian
Gamilaroi-Calliope island arc, which are dominated by mafic to intermediate volcanic and
volcaniclastic rocks. Other locally derived successions are the Late Devonian, Carboniferous and
Permian sedimentary successions of the New England Orogen derived from the contemporaneous
magmatic arc that was located on older Gondwana basement. In the Mossman Orogen of
northeastern Australia, the Hodgkinson Formation and its equivalents further south show derivation
from the Precambrian basement and contemporaneous igneous assemblages developed west of the
Tasman Line. A controversial issue in terms of provenance in the Tasmanides is to how the
Gondwana-derived Ordovician turbidites have developed apparently adjacent to and enveloping the
Macquarie Arc. We consider that the combination of widespread deep-marine settings inhibiting
provenance mixing and a major phase of arc expansion in the Late Ordovician is the best explanation
for the dramatic provenance switch that characterises these elements.
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Figure Captions
Fig. 5.1. Gondwana following the reconstruction by de Wit et al. (1988) but modified after Myers et al.
(1996), Gray et al. (2008), Boger (2011) and Torsvik and Cocks (2013). Cratons in Australia and
Antarctica are from Myers et al. (1996) and Boger (2011), respectively. Abbreviations: AFMB—
Albany–Fraser–Musgrave belt, Delamerian O—Delamerian Orogen, GI—Greater India, GSM—
Gamburtev Subglacial Mountains, GP—Grunehogna Province, NAC—North Australian Craton, RP—
Río de la Plata Craton, SAC—South Australian Craton, SF—São Francisco Craton, TAO—Terra
Australis Orogen, Tanzania, TC—Tanzania Craton, WAC—West Australian Craton.
Fig. 5.2. Orogenic belts and some sedimentary basins of the Tasmanides of eastern Australia. Blue
lines are major magnetic and gravity lineaments. Tasman Line shown by dotted green line.
Abbreviations: AB—Adavale Basin, ACT—Australian Capital Territory, BH—Broken Hill, BZ—Bendigo
Zone, KB—Koonenberry Belt, MZ—Melbourne Zone, NSW—New South Wales, NT—Northern
Territory, QLD—Queensland, SZ—Stawell Zone, TAS—Tasmania, TFZ—Tamar Fracture Zone,
VIC—Victoria, WT—Warrabin Trough. Locations of Figs. 5.5, 5.10, 5.13 and 5.15 shown.
Fig. 5.3. Selected relative probability plots (red lines) and histograms (blue) of detrital zircon ages
from the Adelaide Rift Complex, a composite of three samples from the Kanmantoo Group,
Delamerian Orogen (data from Ireland et al., 1998, supplementary data) and from the southern
Anakie Province (Fergusson et al., 2001, supplementary data). Data replotted using the Isoplot
program of Ludwig (2003). In this compilation age estimates for all individual grain analyses are <15%
207
206
concordant; Pb/ Pb data are used for age estimates >1 Ga.
Fig. 5.4. QFL plot showing provenance discriminating fields from Dickinson et al. (1983) with
provenance fields of Late Cambrian sandstones from basement cores of the Thomson Orogen
(Murray, 1994), Ordovician turbidite sandstones and Macquarie Arc sandstones from the Lachlan
Orogen (Colquhoun et al., 1999; Fergusson and Tye, 1999).
Fig. 5.5. Map of the Lachlan Orogen in southeast Australia showing the main extent of exposure of
the Ordovician quartz turbidite and the Macquarie Arc successions and various structural zones.
Eastern boundary of the Selwyn Block is after Moore et al. (2015). Darling Basin (dashed border) is
mainly exposed in the east and includes the Cobar Basin; further west the Darling Basin is mainly in
the subsurface with limited exposures including within the Koonenberry Belt. Full extent shown by
dashed line. Abbreviations: BT—Bancannia Trough (dashed border, mainly in the subsurface), MT—
Menindee Trough (dashed border, mainly in the subsurface). Subdivisions and labels in the New
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England Orogen (abbreviations): CHB—Coffs Harbour Block, HB—Hastings Block, NB—Nambucca
Block, PF—Peel Fault, PMB—Port Macquarie Block, PTVI—Permian-Triassic volcanic and intrusive
rocks, SB—subduction complex, TB—Tamworth Belt. Details of palaeocurrent directions are: 1 –
Bouma C cross-laminations (Cas and VandenBerg, 1988, 562 measurements, vector mean 069°), 2 –
lower Mathinna Supergroup Bouma C cross-laminations (Powell et al., 1993; 151 measurements,
vector mean 069°), 3 – flutes (Fergusson et al., 1989; 131 measurements, vector mean 088°), 4 –
Bouma C cross-laminations (Powell, 1983, 402 measurements, generalised direction from 9 areas), 5
– flutes (Cas et al., 1980; 22 measurements, vector mean 049° and 14 measurements, vector mean
022°), 6 – flutes (Jones et al., 1993; 65 measurements, vector mean 012°), 7 – flutes (Fergusson and
Colquhoun, 1996; 19 measurements, vector mean 064°). Location shown in Fig. 5.2. Location of Fig.
5.7 shown.
Fig. 5.6. Selected relative probability plots (red lines) and histograms (blue) of detrital zircon ages
from the Ordovician turbidites (composite of four samples, data from Fergusson and Fanning, 2002,
supplementary data, and Fergusson et al., 2005, supplementary data) and one sample from the
Mitchell Formation near the base of the Macquarie Arc succession (data from Glen et al., 2011,
supplementary data). Data replotted using the Isoplot program of Ludwig (2003). In this compilation
207
206
age estimates for all individual grain analyses are <15% concordant; Pb/ Pb data are used for
age estimates >1 Ga.
Fig. 5.7. Outcrop distribution and interpreted extent of the Macquarie Arc (light green = outcrop),
Ordovician turbidites (= light yellow, dark gray = black shale) and Jindalee Group (ultramafics, mafic
volcanics and chert of Middle Ordovician age interpreted as formed by rifting, Lyons and Percival,
2002) in central New South Wales. Extent of each unit has been interpreted from magnetic data.
Outcrop distribution from Raymond et al. (2012). Location shown in Fig. 5.5.
Fig. 5.8. QFL plot showing provenance discriminating fields Dickinson et al. (1983) with provenance
fields of Silurian-Devonian Melbourne Trough sandstones (Powell et al., 2003) and Ordovician to
Devonian Mathinna Group sandstones (Powell et al., 1993).
Fig. 5.9. Selected relative probability plots (red lines) and histograms (blue) of detrital zircon ages
from the Melbourne Zone, western Lachlan Orogen (data from Squire et al., 2006a, supplementary
data) and the Mathinna Group, northeastern Tasmania (Black et al., 2004, data supplied by Simon
Bodorkos). Data replotted using the Isoplot program of Ludwig (2003). In this compilation age
207
206
estimates for all individual grain analyses are <15% concordant; Pb/ Pb data are used for age
estimates >1 Ga.
Fig. 5.10. Map of part of coastal central Queensland showing outcrop of the Curtis Island Group
(Wandilla and Shoalwater formations) of the Devonian-Carboniferous subduction complex. Red
crosses mark locations of U-Pb zircon samples with ages of the youngest identified zircon peak (from
Table 3 in Korsch et al., 2009). Geology modified from the 1:1 million scale digital geological map of
Australia (Raymond et al., 2012). Note the Shoalwater Formation shown in the northern Yarrol
Province is of uncertain significance. Location shown in Fig. 5.2.
Fig. 5.11. QFL plot showing provenance discriminating fields from Dickinson et al. (1983) with
provenance fields of sandstones from the Carboniferous Wandilla Formation and the Carboniferous
Shoalwater Formation in the subduction complex of the northern New England Orogen (Leitch et al.,
2003).
Fig. 5.12. Relative probability plots (red lines) and histograms (blue) of detrital zircon ages from the
northern New England Orogen including a composite of six samples from the Wandilla Formation
(note only euhedral zoned igneous zircons have been analysed, see text) and a composite of five
samples from the Shoalwater Formation (data from Korsch et al., 2009a, supplementary data). Data
replotted using the Isoplot program of Ludwig (2003). In this compilation age estimates for all
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individual grain analyses are <15% concordant;
Locations of samples shown in Fig. 5.10.

207

206

Pb/

Pb data are used for age estimates >1Ga.

Fig. 5.13. Geology of the Hodgkinson Province of the northern Mossman Orogen highlighting the
main units; adapted from Geological Survey of Queensland (2012) 1:2 million scale geological digital
map of Queensland. Location shown in Fig. 5.2.
Fig. 5.14. Relative probability plots (red lines) and histograms (blue) for the interval 2500-0 Ma for
pooled samples from the western (samples ALMA2, HODG30, and HODG1) and eastern Hodgkinson
Formation (samples Hodg31, HP1 and HP2) from the northern Mossman Orogen (data from Chris
Adams and Bob Henderson for figures showing probability plots for all these samples in Adams et al.,
2013b). Data replotted using the Isoplot program of Ludwig (2003). In this compilation age estimates
207
206
for all individual grain analyses are <15% concordant; Pb/ Pb data are used for age estimates >1
Ga. See Fig. 5.13 for sample locations.
Fig. 5.15. Map of the central and southern part of the Sydney Basin showing major units discussed in
text and the location of the four detrital zircon samples of Sircombe (1999). Map modified from the 1:1
million scale digital geological map of Australia (Raymond et al., 2012). Location shown in Fig. 5.2.
Fig. 5.16. Relative probability plots (red lines) and histograms (blue) for the interval 1500-0 Ma from
the Sydney Basin (data from Sircombe, 1999) and the Ovens Graben (data from Sircombe and
Hazelton, 2003). Data replotted using the Isoplot program of Ludwig (2003).
Fig. 5.17. (a) Gondwana showing direct sediment path (stippled light yellow arrow) from the East
African Orogen (Transgondwanan Supermountains) to the Tasmanides. (b) Highlighted green arrows
show sediment paths from Pacific-Gondwana source inferred under East Antarctic ice sheet in the
hinterland and inner part of the Ross Orogen. Highlighted brown arrows in eastern Australia show
local source directions for sediment in the Hodgkinson Formation of the Mossman Orogen and the
Shoalwater Formation of the northern New England Orogen. Abbreviations: AFMB—Albany–Fraser–
Musgrave belt, DO—Delamerian Orogen, GI—Greater India, GSM—Gamburtev Subglacial
Mountains, GP—Grunehogna Province, NAC—North Australian Craton, PG—Pacific-Gondwana
sediment source, SAC—South Australian Craton, TAO—Terra Australis Orogen, WAC—West
Australian Craton. (c) Key for map in (b).
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